In this paper, we propose a lightweight and fast prototype tracking system for the moving pigs in video surveillance systems. The proposed system is composed of two modules: moving pig detection and pig tracking module. Especially, we focus on index algorithm for identifying and tracking individual pigs in pigsty on a video sensor. From the experimental results with the video monitoring data obtained from the real pig farms, we believe that our method can be applied for monitoring the group-housed pigs in a cost-effective way.
Introduction
Automated monitoring is an important issue in large-scale management of grouphoused livestock because it can save a significant part of the farm worker's time or minimize the damage caused by livestock disease. In particular, the damage caused by the recent outbreak of livestock diseases in Korea such as foot-andmouth disease was serious. In order to minimize the damage incurred from such diseases, it is necessary to develop the technology for tracking and identifying individual pigs in pigsty.
According to the recent literature reviews, several excellent studies were proposed for the tracking of moving pigs in a pig house as far as applying computer vision technology is concerned [1] [2] [3] [4] . For example, in [1] the authors tracked individual pigs to find pig's specific movements such as bending of the beck. In [2] , they analyzed the movements of 3 pigs after the moment the pigs entered the stabling. In [3] , pigs were identified automatically using image pattern recognition with stamping the specific patterns on back of each pig beforehand. In [4] , the authors developed a 5D-Gussian model for each pig and 3 pigs are tracked successfully for 8 minutes. As can be seen, although there have WIT Transactions on Engineering Sciences, Vol. 93, © 2014 WIT Press www.witpress.com, ISSN 1743-3533 (on-line) been many previous pig tracking/identification attempts in the last decades, the pig tracking/identification problem is still challenging.
In this paper, we propose a lightweight and fast prototype tracking system for the moving pigs in pigsty using a video sensor in order to manage the healthcare problem of pigs. The proposed system is composed of two modules: moving pig detection and moving pigtracking module. In the detection module, the moving pigs are detected by using frame difference method, because it is easy to be implemented and insensitive to the variation in light intensity [5] . In the moving pigtracking module, the detected pigs are identified individually using our proposed index algorithm and the generated trajectory informations are saved in the database and displayed in 3-dimensional Euclidean space. This information can be used for the further analysis purpose later on.
The paper is organized as follows. In the next section, overall structure of the proposed tracking system is described. In Section 3, we explain the details of the implementation and experimental results. Finally, we provide some concluding remarks in Section 4.
Automated pig tracking system
The proposed automated tracking system is composed of two modules: moving pig detection module and moving pig tracking module. The overall structure of the proposed system is given in Figure 1 . Each module will be described in detail.
Moving pig detection
There are five steps in the moving pig detection process: (1) Incoming color images are converted into gray images to reduce calculation burden. (2) The 
Moving pig tracking by index algorithm
Tracking is a process of locating moving objects over time. As stated before, the moving pigs are labeled with rectangles and barycentric coordinates of rectanglesare obtained. In general, barycentric coordinates follow in the piecewise straight lines and two coordinates of the same pig in consecutive frames are very close to each other. Thus, it is possible to measure the similarity of the two coordinates by calculating the Euclidean distance between them and determine whether they are same or not according to the given threshold. In this way, the moving pigs can be identified and tracked successfully in consecutive frames. 
Input
Locations of moving pigs in a frame: { (x 1 , y 1 ), (x 2 , y 2 ) (x n , y n )} Output Logging data of moving pigs including pig id and location: (k, x n , y n ) Algorithm
Step1: (Data input) Inputbarycentric coordinate (x n , y n ).
Step2:(Pig identification) Calculate Euclidean distance D between (x n , y n ) and (x n-1 ,y n-1 ). if (DX ≤ Th). { Find the memory M [w] containing x n-1 , y n-1 and update the last location of pig w to(x n , y n ). } else { Calculate Euclidean distance between (x n , y n ) and last locations of each pig. Findthe last location of pig q that is nearest to (x n , y n ) and get the distance D min . if ((Dmin ≤ Th)) { Update the last location of pig q to (x n , y n ). } else { Let k = k + 1, allocate a new memory for pig k and save (x n , y n ) into M [k] . } } Step3: (Stopping criterion) Turn to Step1 until all locations of moving pigs in a frame are inputted.
In this paper, we propose an index algorithm to identify and track moving pigs in a lightweight and fast manner. To reduce calculation amount and improve the efficiency of proposed algorithm, we saved the last location of each moving pig in the memory and updated it whenever pig moves again. So when a pig moves, it can be identified quickly by just calculating the distance between them. The specific algorithm is described in Table 1 , where M [k] saves the last location of each moving pig and the subscript of M represents pig id k (1,2,3… ). Letter q and w also represent id of two random pigs.
Experimental results
In this section, we present the experimental results to demonstrate the performance of the proposed real-time tracking system. The real-time tracking system was comprised of a video sensor and a server. We installed a camera at WIT Transactions on Engineering Sciences, Vol. 93, © 2014 WIT Press www.witpress. com, ISSN 1743-3533 (on-line) the ceiling of a pig room with 22 weaning pigs that is located at Jochiwon in Korea. And we set the resolution size to 400 × 440 pixels and the frame rate to 15 frames/second (fps). We carried out some experiments with a data size of 20389 frameson aPC with 2.93 GHZ CPU and 2GB RAM and we used Visual Studio 2012 with Opencv. Figure 3 shows some snapshots of resulting moving pigs tracking of 799th frame. As can be see, moving pigs were identified and tracked automatically by proposed index algorithm and their logging data including frame id, pig id, and location were obtained. In addition, the graphical trajectory of moving pigs is shown in Figure 4 . Table 2 . In [5] , Kashiha et al. identified moving pigs automatically with an accuracy of 88.7%, but they failed to get accurate location information. In [6] , Ahrendt et al. did track 3 pigs for 8 mins (4800 frames), but the method they used is a computation resource consuming. Worse yet, the tracking accuracy may be more or less dropped if pig number and/or tracking time increases. On the other hand, our method showed affirmative results. Ours can track pigs successfully when pig jumps or spins rapidly, even in the situation that pig climbed on top of other pigs while others failed tracking. The average tracking accuracy of our method approached 99.8% and the maximum of tracking number reached 5.
Conclusion and future work
In this paper, we proposed a lightweight and fast prototype tracking system for the moving pigs in pigsty using a video sensor in order to manage the healthcare problem of pigs. Experimental results have illustrated the feasibility and effectiveness of the proposed algorithm. Besides, logging data of moving pigs can be obtained in the tracking process, saved in the database, and displayed in 3-dimensional Euclidean space of our system. This information can be used for the further analysis purpose later on. In particular, it is worth finding aggressive behaviors such as bullyin the pigsty using those informations, since it is known that aggression among pigs in today's production systems results in negative impact on health and welfare of animals as well as on productivity of the systems [7] . For future work, further testing and refinement of our proposed system, as needed, in commercial production settings are also warranted.
